Aims: To investigate collagen remodelling in the interstitium of the heart in patients with diabetes. Methods: Immunohistochemical study of the biopsied myocardium using type specific anticollagen antibodies (I, III, IV, V, VI) was performed in 12 patients with non-insulin dependent diabetes mellitus and six non-diabetic patients. There was no history of hypertension or coronary artery stenosis in any of the patients. Results: Noticeable accumulations of collagen types I, III, andVI in the myocardial interstitium were recognised in both groups, but little accumulation of types IV or V was found. Types I and III mainly stained in the perimysium and perivascular region, while type VI predominantly stained in the endomysium. There was no disease specific accumulation of collagen in diabetes mellitus. The percentage of total interstitial fibrosis in the myocardium was significantly higher in the diabetic group than in the control group (p < 0.05). Although the percentages of coliagen types I and VI did not differ between the two groups, the percentage type of III was significantly higher in the diabetic group than in the controls (p < 0-01). Conclusions: Collagen remodelling mainly as a result of an increase in collagen type III in the perimysium and perivascular region, occurs in the hearts of patients with diabetes.
Primary myocardial injury has been shown in diabetes mellitus even in the absence of hypertension and coronary atherosclerosis.' 2 The histopathological changes found in the myocardium of patients with diabetes include myocyte hypertrophy, interstitial fibrosis, and perivascular fibrosis. Interstitial fibrosis is composed largely of fibrillar collagen. Regan et al reported the presence of interstitial collagen deposition in left ventricular biopsy specimens in diabetic patients, and found collagen accumulation in perivascular loci, between myofibres, or as replacement fibrosis in a postmortem study of cardiac tissue of diabetics.3 On the other hand, it has been reported that many phenotypes with differing molecular structures are present in the fibrillar collagen, with the distribution of these phenotypes varying in different tissues.4 5Weber et al carried out several studies on myocardial collagen remodelling.6`8 However, no information is available on the changes in collagen in the myocardium of patients with diabetes. Accordingly, we investigated the localisation of collagen phenotypes in the interstitium of such cardiac tissue and estimated them quantitatively using an immunohistochemical method.
Methods
Biopsy specimens were obtained from 12 patients with non-insulin dependent diabetes mellitus who had undergone cardiac catheterisation because of complaints of chest pain or electrocardiographic abnormalities. In all patients the absence of more than 25% coronary artery stenosis was documented angiographically, and there was no history of hypertension, chronic renal failure, or other endocrinological disorders. Biopsy specimens from six non-diabetic patients, in whom cardiac catheterisation including endomyocardial biopsy was performed as. part of the evaluation of arrhythmia or chest symptoms, but in whom no clinically relevant coronary artery stenosis or abnormal haemodynamics was found, served as controls. Diabetes mellitus was diagnosed and classified in accordance with the criteria of the National Diabetes Data Group. 9 The diabetic patients comprised six men and six women (mean (range) age 52-1 (2-9) years). The controls comprised three men and three women with a mean age of 43-5 (3.7) years. The duration of diabetes mellitus ranged from one to 17 years (mean 10-5 years). The degree of diabetic complications ranged from mild to moderate. A right ventricular endomyocardial biopsy was performed using the Konno-Sakakibara bioptome or Bipal biopsy forceps (Cordis), and specimens were obtained from the region of the interventricular septum. Informed consent was obtained from each patient before cardiac catheterisation.
HISTOPATHOLOGICAL STUDY
The specimens obtained by endomyocardial biopsy were submerged immediately in 10% buffered formalin. After being embedded in paraffin wax they were cut into 4 pm sections on a longitudinal plane and more than eight continuous sections were obtained from each specimen. One of these sections was stained with haematoxylin and eosin, another was stained with Mallory-Azan; the other sections were stained with type specific anti-collagen antibodies or normal rat IgG as a negative control.
IMMUNOHISTOCHEMICAL STUDY
Sections of paraffin wax embedded myocardium were treated with 0-05%,protease type XXIV (Sigma, USA) for 30 minutes; nonspecific reactions were checked for with 0-3% hydrogen peroxide. The prepared sections were stained by the avidin-biotin-complex (ABC) method'0 using type specific anticollagen antibodies (types I, III, IV, V, VI) which had been purified. "
LOCALISATION OF COLLAGEN TYPES
Myocardial fibrosis in the sections stained with Mallory-Azan was classified into three components: (1) endomysial fibrosis-fibrosis providing lateral cell to cell connections; (2) perimysial fibrosis-fibrosis surrounding myocytes to form muscle bundles; (3) perivascular fibrosis-fibrosis surrounding intramyocardial small vessels 10,um-50 pm in diameter. We used the stain of the endocardium to identify the potential effects on staining quality caused by fixation of the specimen, density of the antibodies, and other technical problems. The distribution of each type of collagen in each region was assessed by three cardiac pathologists, based on the following system: (-) no staining; (1 + ) only slight staining; (2 + ) somewhat intense staining, but less intense than that of the endocardium; (3 +) intense staining equivalent to that of the endocardium. Blood vessels 10-50 ,um were found in biopsy specimens obtained from nine (two controls and seven diabetic patients) out of the 18 subjects, with perivascular fibrosis evaluated in these specimens.
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